Introduction
For more than a decade, the National Institute of Environmental Health Sciences (NIEHS) has been developing an extensive multitest genetic toxicology database. The most notable feature of this database is a set of results from the application of four commonly used in vitro short-term tests (STTs) to 114 chemicals for which National Toxicology Program (NTP) 2-year rodent carcinogenicity assay data are available. The four STTs are mutagenesis in Salmonella (SAL) and mouse lymphoma cells (MLA) and chromosome aberrations (ABS) and sister chromatid exchanges (SCE) in Chinese hamster ovary cells. The first major analyses performed on this database focused on 73 chemicals whose testing for carcinogenicity by the NTP was completed during the period December 1976 to January 1985 (1) . These analyses focused primarily on the qualitative predictivity of rodent carcinogenicity from the four in vitro STTs. The major conclusions of that study were: a) Qualitative concordances of the four STTs with rodent carcinogenicity did not show significant differences among assays (all approximately 60%) and were much lower than previous estimates. b) A negative STT was not predictive of noncarcinogenicity; a positive SAL, on the other hand, was somewhat predictive of carcinogenicity, but positives in the other three tests were less so. c) There was no complementarity among the STTs, and no battery of tests constructed from two or more of these four STTs improved upon the carcinogen predictivity of the SAL test alone.
These conclusions elicited varied reactions within the genetic toxicology community. Some individuals felt there must be something erroneous in the findings; after all, during the previous decade there had been numerous publications reporting concordances of90% or better for SAL. Two criticisms did appear worthy of further investigation. The first was that the 73 chemicals in the initial investigation were in some way atypical, and therefore replication of the findings was needed from a second set of chemicals. The second criticism was that statistical analyses had primarily focused on the qualitative (positive/ negative) results obtained for the 73 chemicals, and that an analysis that included quantitative results, e.g., measures of potency, might lead to different conclusions regarding the predictivity of rodent carcinogenicity from STTs.
The first criticism was effectively answered by the publication of the results of a follow-up study of an additional 41 chemicals the NTP had tested for both rodent carcinogenicity and genetic toxicity using the four STh listed above (2, 3) . These papers confirmed the major conclusions drawn by Tennant et that is based on a class of nonlinear dose-response models ofthe Ames assay. The models describe the probability p(D) that a plated bacterium will give rise to a visible revertant colony, given that the plate on which it was placed was exposed to dose D of the test chemical: 
Measures of Potency
The For each ofthe three measures of potency, the distribution of estimated chemical potencies across the database is highly skewed. Logging the three potency measures yields betterbehaved random variables that are much less skewed. Further evidence for this claim for logging the measures can be seen in the correlation matrixes for the three measures, with and without logging. For the unlogged measures, the observed correlation matrix is shown in Table 2 . The correlation matrix for logged measures is shown in Table 3 . Figure 2 is a scatterplot of log (1+bB) versus log(l+bM) showing the strong linear relationship between the two. This strong correlation is reassuring because both measures strive to estimate the slope of the same dose-response curve at low dose. For situations in which one of these two measures has been used in an evaluation, such as in Piegorsch and Hoel (8), one would not expect much change if the other measure were substituted.
Uses of Measures of Potency
The study ofmeasures ofpotency was initially motivated by the desire to predict rodent carcinogenicity from quantitative measures of mutagenicity, i.e., mutagenic potency of chemicals for individual assays or for a battery ofassays. This can and will be studied either with carcinogenicity itself remaining a qualitative variable or with carcinogenicity being treated in a quantitative manner as well. A specific application ofthe former would be an extension of the Carcinogenicity Prediction Battery Selection (CPBS)* methodology of Rosenkranz et al. (9) to include measures ofpotency of short-term assays. For a discussion ofone extension to include dependent, qualitative variables, plus a list of associated references for CPBS, see Kim and Margolin (10) .
Another possible use of a measure of mutagenic potency occurs in certain epidemiological studies, where urines of individual subjects are tested via the Salmonella assay for signs of exposure to environmental toxicants (11) . An example would be the study of oncology nurses who are responsible for delivering antineoplastic treatments (12) . If Another use ofmeasures ofmutagenic potency will be to assess the potencies observed for the chemicals tested in the ongoing NTP "Sea of Mutagens" study. In this study, a representative sample of 100 chemicals has been drawn from the approximately 50,000 synthetic chemicals introduced to commerce in the last 45 years. Although it is not feasible to test in a timely fashion each of the 100 chemicals in a 2-year rodent carcinogenicity assay, each can be tested for mutagenicity using Salmonella. Results from this study will address the question ofwhether the human race is awash in a sea ofmutagens ofits own creation. The use of a measure ofpotency in this NTP study will permit a refinement ofthe objective in which not all mutagens will be treated equally. If a certain percentage of the 100 chemicals is found to be positive, it will be most informative to know the distribution of the potencies for the positives. Finally, studying the distribution of potencies in the NTP database will shed light on the reason for the observation among NTP toxicologists that in certain STTs, positive results are not always reproducible. Ifone assumes that the analysis of an STT does not have an inherently elevated false positive level, the major factor controlling the reproducibility of a positive response is the power of the assay to detect an effect. This power will vary from chemical to chemical. With the use ofa measure ofpotency for a particular STT, one can formulate an approximate distribution of power for the chemicals in one's database and then proceed to investigate the probability of reproducing an initial positive response for the chemicals in question. Intuitively, strongly acting chemicals will have high power and a high level of reproducibility, whereas weakly acting agents will have low power and low reproducibility. The use ofa measure ofpotency will enable one to quantify in probabilistic terms this important issue of test result reproducibility.
